Two new sulfonoglycosides named Codioside E (1) and Codioside F (2) have been isolated from the MeOH extract of the marine green alga Codium dwarkense collected from the coastal areas of the Gulf of Oman. The structures of these secondary metabolites were elucidated by combined analysis of 1D ( 1 H-and 13 C-) and 2D (H-C correlations; HSQC and HMBC) NMR spectroscopic and MS data.
The dried and powdered algal material was extracted with methanol at room temperature and the crude methanolic extract was subjected to repeated chromatographic separations which yielded two new constituents, 1 and 2 (Figure 1 ). The 13 C and 1 H NMR signals were assigned through a close analysis of 1D ( 1 H, 13 C, DEPT) and 2D (COSY, TOCSY, HSQC, HMBC) NMR data together with the reported data for similar compounds [13] . Four spin systems were recognized, which were assigned individually to two sugar moieties, a glycerol moiety, and fatty acyl groups. The individual substructures were identified through MS and NMR spectral data as glycerol, β-D-glucopyranoside, 6-deoxy-6-sulfo-β-D-glucopyranoside, and palmitate groups, earlier reported in Codium [11] . The HMBC experiments were helpful in combining these sub-structures together to establish the final structures for 1 and 2.
Compounds 1 and 2 were isolated from the methanolic extract and gave dark brown spots on TLC plates when sprayed with ceric sulfate. The FAB-MS data indicated the presence of pseudo- S] + for compound 2 indicated the difference in substitution pattern of the sugar moieties in 1 and 2. However, the IR spectra showed similar absorption bands at 3460 (hydroxyl), 1735 (ester carbonyl), 1150 and 1040 (sulfonyl) cm -1 for compounds 1 and 2.
Detailed analysis of 1 H, 13 C, DEPT, and 2D NMR data of 1 revealed the presence of two methyl, thirty-two methylene, and eleven methine groups, and two carbonyl carbons of carboxylic ester groups. The 1 H NMR spectrum of 1 indicated the presence of two overlapping primary methyls at δ H 0.92 (6H, t, J = 6.8 Hz), long chain methylene protons at δ H 1.31 (40H, br s), two αmethylene groups at δ H 2.37 (4H, m), and two β-methylene groups at δ H 1.63 (4H, br s) corresponding to two saturated fatty acid chains. These assignments were supported by the 13 C NMR spectrum, which showed the presence of primary methyls at δ C 14.5, long chain methylenes at δ C 30.8, two α-methylene groups at δ C 34.9, and two β-methylene groups at δ C 26.0. The second spin system [δ H 4.12 and 3.57 (δ C 66.5); δ H 5.33 (δ C 71.5); δ H 4.08 and 3.88 (δ C 70.6)] was assigned to the glycerol moiety in the molecule. Substitution of the two acyl chains at C-1 and C-2 was confirmed by the HMBC interactions ( Figure 2 ). The carbonyl carbon C-1 at δ C 175.2 showed cross peaks with the methylene protons CH 2 -1 at δ H 4.12 and 3.57 and α-methylene protons CH 2 -2 at δ H 2.37. Similarly, the carbonyl carbon C-1 at δ C 175.6 showed cross peaks with the methine proton H-2 at δ H 5.33 and α-methylene protons CH 2 -2 at δ H 2.37.
The presence of two glucosyl moieties was indicated by third and fourth spin systems. Two anomeric signals in 1 resonated at δ H 4.81 (1H, d, J = 7.8 Hz) and 4.80 (1H, d, J = 7.8 Hz) in the 1 H NMR spectrum and at δ C 100.2 and 100.1 in the 13 C NMR spectrum. The combined analysis of TOCSY and COSY data revealed the sequence of oxymethines and methylenes in the glucosyl moieties in the molecule. The anomeric proton signals for H-1 at δ H 4.81 and H-1 at δ H 4.80 were taken as the reference and the cross peaks
were observed in the TOCSY spectra to establish the spin system. The β-orientation of the glycosidic linkages was indicated by the relatively larger values of the coupling constants (J = 7.8), and hence the sugar units were identified and their linkage was confirmed on the basis of 13 C NMR assignments and HMBC interactions. The downfield shift of C-4 from δ C 71.1 to 75.1 and the upfield shift of CH 2 -6 from δ C 64.3 to 54.3 and C-5 from δ C 74.6 to 69.7 confirmed the identity and the attachment of 6-deoxy-6-sulfo-β-D-glucose at C-4. This was further supported by the HMBC experiments, which showed interactions of H-1 at δ H 4.80 with C-4 at δ C 75.1 and C-5 at δ C 69.7 and H-5 at δ H 4.01 with CH 2 -6 at δ C 54.3. Similarly, the HMBC interactions of H-1 at δ H 4.81 with C-3 at δ C 70.6 and C-5 at δ C 74.7; CH 2 -3 at δ H 4.08 and 3.88 with C-1 at δ C 100.2 and H-5 at δ H 3.52 with CH 2 -6 at δ C 64.4 confirmed the identity and the linkage of the β-D-glucose moiety at C-3 of glycerol.
The 1 H and 13 C NMR data of 2 were closely related to those of 1 and hence a similar skeleton was indicated with the difference in the substitution of glucosyl moieties. Detailed analysis of 1D and 2D NMR data of 2 revealed the presence of two methyl groups, thirty two methylene units, eleven methines, and two ester carbonyl groups in four spin systems. The first and second spin systems were assigned to the two palmitoyl side chains [δ H 2.37 (δ C 35.2); δ H 1.63 (δ C 26.0); δ H 1.30 (δ C 30.5); δ H 1.28 (δ C 33.1); δ H 1.33 (δ C 23.8); δ H 0.92 (δ C 14.5)] and a glycerol moiety [δ H 3.81 and 3.68 (δ C 65.1); δ H 5.26 (δ C 71.7); δ H 4.21 and 4.09 (δ C 67.1)]. The attachment of the two acyl chains to C-1 and C-2 was confirmed through HMBC experiments ( Figure 2) .
The third and fourth spin systems in 2 were assigned to two glucosyl moieties. The anomeric signals appeared at δ H 4.88 (1H, d, J = 7.7 Hz) and 4.26 (1H, d, J = 7.8 Hz) in the 1 H NMR spectrum and at δ C 100.2 and 100.1 in the 13 C NMR spectrum. The TOCSY and COSY spectra were helpful in assigning the sequence of oxymethines and methylenes, whereas the β-orientation of the glycosidic linkage was indicated by the relatively larger values of the coupling constants (J = 7.8). The difference in the linkage of 6-deoxy-6-sulfo-β-D-glucoside to that of 1 was confirmed on the basis of 13 C NMR assignments and HMBC interactions. The downfield shift of C-4 from δ C 71.2 to 74.9 indicated the linkage (1→4) of the sugar moieties, and the upfield shift of CH 2 -6 from δ C 64.4 to 54.1 and C-5 from δ C 74.7 to 69.8 indicated the presence of 6-deoxy-6-sulfo-β-D-glucose. Further evidence of these substitutions was provided by the HMBC experiments which showed interactions of H-1 at δ H 4.26 with C-4 at δ C 74.9 and C-5 at δ C 74.6 and H-5 at δ H 3.76 with CH 2 -6 at δ C 64.3. Furthermore, the HMBC interactions of H-1 at δ H 4.88 with C-3 at δ C 67.1 and C-5 at δ C 69.8; CH 2 -3 at δ H 4.21 and 4.09 with C-1 at δ C 100.5 and H-5 at δ H 4.00 with CH 2 -6 at δ C 54.1 confirmed the identity and the linkage of the sugar moiety at C-3 of glycerol, as indicated by the MS fragmentation and NMR assignments.
All the physical and spectral data are in complete agreement with those of 1,
Thus, comprehensive analyses of these data led to the elucidation of the structures of the secondary metabolites which were named Codioside E (1) and Codioside F (2) after the producing organism, C. dwarkense.
Experimental
General: Optical rotations were measured on a KRUSS P P3000 polarimeter (A. Kruss Optronics, Germany), IR spectra on a Bruker, ATR-Tensor 37 spectrophotometer, and EI-MS and FAB-MS on JEOL mass spectrometers (JMS HX 110). HR-ESI mass spectra were recorded on a QSTAR XL (Applied Biosystem) mass spectrometer. The capillary voltage was maintained between 5 and 5.5 kV. The NMR spectra were recorded on Bruker NMR spectrometers operating at 600 MHz (150 MHz for 13 C). The chemical shifts are reported in ppm (δ) units and the coupling constants (J) are given in Hz. Minor compounds were purified by using recycling preparative High Performance Liquid Chromatography (HPLC) by JAI using a 1H/2H silica gel column with chloroform as the eluting solvent. For TLC, precoated aluminum sheets (silica gel 60F-254, E. Merck) were used. Visualization of the TLC plates was achieved under UV light at 254 and 366 nm, and also by spraying with ceric sulfate and ninhydrin reagents. A solvent system of 1-5% MeOH/CH 2 Cl 2 was used to obtain suitable R f values for the pure constituents on the TLC plates. 
Extraction and purification:
The algal materials, after cleaning and washing with tap water to remove the sea salts, were freeze-dried. The powdered material (500 g) was then defatted with n-hexane and extracted with methanol at room temperature. The crude methanol extract (55 g) was subjected to vacuum liquid chromatography (VLC) over silica gel by gradual increase of the mobile phase polarity (n-hexane, n-hexane/CH 2 Cl 2 , and CH 2 Cl 2 /MeOH). Ten fractions (F 1 -F 10 ) were obtained. Fraction F 9 (1.6 g), obtained at 5% MeOH/CH 2 Cl 2 , was subjected to silica gel column chromatography to obtain 6 sub-fractions (F 91 -F 96 ) at various polarities of MeOH/CH 2 Cl 2 (1% MeOH/CH 2 Cl 2 to 12% MeOH/CH 2 Cl 2 ). The sub-fractions F 92 to F 94 (75 mg) were mixed together on the basis of similarities in TLC and then subjected to recycling preparative HPLC (3 mL sample loop) for purification. Compound 1 (2.4 mg) was eluted as a gummy material through recycling HPLC in a silica column (1H/2H) at a retention time of 27 min. with a 4 mL/min -1 flow rate of CHCl 3 after 3 recycles. Three semi-pure compounds (2a, 3b, and 4c) were also eluted at retention times of 23 min., 32 min., and 35 min. respectively. The semi-pure compound, 2a (4.1 mg), was then loaded onto preparative TLC plates to purify compound 2 (1.9 mg) at 90% CH 2 Cl 2 /n-hexane. 
